Introduction: Disseminated intravascular coagulation (DIC) is a systemic activation of hemostatic system caused by several causes. Biomarkers including antithrombin (AT), protein C (PC), and thrombomodulin (TM) were reported as the additional markers for DIC in adults. This study aimed to determine the association between biomarkers among patients with overt DIC (ODIC) and nonovert DIC (NDIC) in children in PICU.
| INTRODUC TI ON
Most patients in intensive care unit (ICU) usually have abnormal hemostasis ranging from isolated thrombocytopenia to disseminated intravascular coagulation (DIC). 1, 2 DIC is an acquired clinicopathological syndrome characterized by systemic activation of hemostatic system resulting in excessive generation of microvascular thrombosis in both small-and medium-sized vessels leading to organ dysfunction. 3, 4 On the other hand, ongoing consumption of platelets and coagulation factors during the activation of hemostatic system causes bleeding complications in those patients.
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| 33
Clinical manifestations of DIC depend on the host and genetic responses to thrombin generation and underlying conditions. 7, 8 Sepsis and trauma are the major causes of DIC followed by organ dysfunctions, cancers, obstetrical complications, toxins, vascular, and immunologic disorders. 5, 6 Three common published diagnostic criteria for DIC include the criteria of International Society on Thrombosis and Hemostasis (ISTH), 9 Japanese Association for Acute Medicine (JAAM), 10 and Japanese Ministry of Health and Welfare (JMHW). 11 To diagnose DIC, blood tests including prothrombin time (PT), platelet count, fibrinogen, and fibrinogen degradation products (FDPs)/D-dimer have to be performed in patients who have predisposing conditions to DIC to confirm whether those have DIC or not. ISTH DIC score is the most commonly used DIC score in adult
ICUs. 12 The sensitivity and specificity of ISTH DIC score has been reported as high as 91% and 97%, respectively. 13 Patients would be classified into two groups by ISTH DIC score, overt and nonovert DIC (ODIC and NDIC, respectively). ODIC is defined by ISTH DIC score ≥ 5 while NDIC is defined by ISTH DIC score between 1 and 4.
Diagnosis of DIC in children is more challenging since the developmental hemostasis causes various cutoff levels of coagulation proteins in different age groups which make the way of diagnosing DIC in children more complicated than adults. In addition, the publications on DIC in children are limited and mainly based on conventional ISTH DIC criteria. 14-21 Soundar et al 21 reported the efficacy of 65% to detect the positive panels of DIC in children by institutional DIC score (modified ISTH DIC score) which was much higher than 37% of positive panel detection by conventional ISTH DIC score.
Lertthammakiat et al 19 showed that measuring factor VII clotting activity and activated FVII level were the sensitive parameters to diagnose ODIC by ISTH DIC score. The findings from those studies revealed some disadvantages of using ISTH DIC score in children.
Biomarkers such as antithrombin (AT), protein C (PC) and thrombomodulin (TM) were reported as additional biomarkers of DIC in adults, although AT, PC, and TM are not included in current diagnostic criteria of DIC. 22, 23 The studies about those biomarkers in children with DIC are scanty.
The primary objective of this study was to determine the association between AT, PC, and TM levels among critically ill children with ODIC and NDIC The secondary objective was to find the incidence and outcomes of DIC in children in pediatric ICU (PICU). 
| MATERIAL S AND ME THODS

| Study population
| Laboratory tests
To diagnose DIC, the following blood tests were performed after day 1 (after 24 hours of PICU admission): complete blood count 
| Data collection
The demographic data of all subjects including age, gender, and underlying conditions predisposing to DIC were collected. Subjects with ODIC were observed for outcomes including bleeding and thrombotic events and death until the subjects were discharged from PICU and from hospital. Subjects with NDIC were performed the blood tests another time for CBC, PT and the levels of D-dimer, fibrinogen, AT, PC, and TM on days 3-5 of PICU admission. The cutoff of coagulation protein levels was based on the reference study in Thai children by Sosothikul et al. 24 
| Statistical analysis
The PASW statistics 23.0 (SPSS Inc. Chicago, IL, USA) will be used for the analysis. Chi-square and Fisher exact test were used for analyzing categorical data. Student t test and nonparametric test were used for analyzing continuous data with normal and non-normal distribution, respectively. Differences with P-value < 0.05 were considered as the statistical significance.
| RE SULTS
During 5 months of this study, there were 208 children admitted to PICU but 99 children did not have any predisposing conditions to DIC while other six children did not have any abnormal initial hemostatic tests on their routine investigations. Therefore, a total of 103 subjects whose their underlying conditions predisposing to DIC were enrolled. The incidence of ODIC was found 24% (25/103) in this study. The incidence of ODIC scored by using Texas Children Hospital (TCH) DIC score 21 was the same at 24%. The mean age ± standard deviation (SD) of all subjects in this cohort was 3.6 (±4.4) years and 62% were male.
The demographic and laboratory data and adverse outcomes were shown in Table 1 . There was no significant difference in age and gender between ODIC and NDIC patients. Underlying diseases of patient in two groups were not significantly different except for malignancy. The median sequential organ failure assessment (SOFA) score was significantly higher in the ODIC group (8) than the NDIC group (4). There were 22 subjects who had bleeding complications including one subject with bleeding in central nervous system, eight subjects with pulmonary hemorrhage, and 16 subjects with gastrointestinal hemorrhage. In contrast, there were eight subjects who had thrombotic events including central venous catheter (CVC)-related thrombosis in right femoral vein in three subjects and CVCrelated thrombosis in left femoral vein in two subjects while the other three subjects had evidence of digital gangrene. There were significant differences in bleeding [40% vs 14.1%, P = 0.005], thrombosis (28% vs 3.8%, P = 0.002) and death (32% vs 12.8%, P = 0.028) between ODIC and NDIC groups. In addition, the higher ISTH DIC score the subjects had, the more adverse outcomes increased as shown in Table 2 .
Comparison of conventional hemostatic parameters and additional biomarkers (AT, PC and TM) on day 1 of PICU admission between ODIC and NDIC groups was shown in positive predictive value (PPV) at 36% but high negative predictive value at 84% while the cutoff level of PC at below 45% showed almost the same PPV and NPV at 34% and 83%, respectively.
In NDIC group, the subjects were tested for DIC parameters and additional biomarkers on days 3-5 of PICU admission, PT was the only conventional DIC parameter which was significantly different from day 1 while all additional biomarkers were significantly improved on days 3-5 as shown in Table 3 . Only three subjects 
| D ISCUSS I ON
Although DIC in ICU has been studied extensively in adults, the studies of DIC in children are scanty. In this cohort, the incidence of ODIC in critically ill children was 24% in children in PICU. The incidences of ODIC by ISTH DIC score in children were various in the previous studies of ODIC in PICU ranging from 1% to 60%. 14, 18 This difference may be caused by the variety of inclusion criteria in the different studies. Those findings were the same as in adult studies since the incidences of ODIC by ISTH DIC score varied to 11%-71% of in adult ICU. [25] [26] [27] However, this modified pediatric DIC score showed the same incidence of ODIC as when the TCH DIC score by Soundar et al 21 was applied to the subjects in this study.
TA B L E 2 Adverse outcomes classified by ISTH DIC score on day 1 (after 24 h of PICU admission) of all subjects (n = 103) Infection was the most common underlying conditions in both ODIC and NDIC groups, followed by organ failure and malignancies, respectively. That result was the same as the previous study in children by Oren et al however, the percentage of subjects with DIC in that study was high as 95%. 15, 28 The previous studies by
Chuansumrit et al showed that congenital abnormality of cardiovascular and gastrointestinal systems were the common underlying conditions of DIC in Thai children. In adult studies, DIC could occur as high as 20%-60% of patients with sepsis or severe infections. 29, 30 The overwhelming inflammatory host response to the infectious agents leads to overexpression of inflammatory mediators which cause concomitant activation of coagulation system, fibrinolysis and anticoagulant pathways. All processes finally result in DIC 5, 7, 28 leading to complications including bleeding, thrombosis, and organ failure. However, Bay et al reported decreased global fibrinolytic capacity, instead of increased fibrinolysis, in children with sepsis. 31 Mortality gradually increased with the increment of total ISTH DIC score in this study which was the same as previous study by Voves et al. 32 The bleeding and thrombotic events in this study also increased with the increment of total ISTH DIC score. Those findings were similar to the previous study in children with acute promyelocytic leukemia which showed significantly higher coagulopathy-related adverse events but the sensitivity and specificity were not good at 66%-67%. 33 Diagnostic criteria for DIC in children have been adopted from adult but not been well established. The institutional modification of scoring for the PT prolongation and the D-dimer level of the ISTH DIC score by Soundar et al showed significantly higher sensitivity than conventional ISTH DIC score. 21 That study may imply that some modifications may be required for using conventional ISTH DIC score in children. In this study, the major modification of ISTH DIC score was changed by using the cutoff value of <500 μg/L for score 0, 500-2500 μg/L for score 2 and >2500 μg/L for score 3 according to the common cutoff level for normal Ddimer in children at below 500 μg/L. 34 In addition, the definition of moderate increased D-dimer level was defined by between upper normal limit (UNL) and < 5 times of UNL and strongly increased D-dimer level was defined by D-dimer level > 5 times higher than UNL. 35 Natural anticoagulants including AT, PC, and TM were decreased due to overconsumption during DIC process 5, 7, 28 and replacement of those deficient anticoagulants showed improvement of total DIC score, 36 length of hospital stay, 37 and mortality 38 in patients with DIC particularly whose their underlying condition were sepsis in several studies mostly in adults. Choi et al 22 showed that AT and PC were the good predicators of DIC in adults with sepsis. In this study, the levels of AT and PC were able to predict the ODIC while the TM was not significantly different between ODIC and NDIC groups. However, only adding AT level in ISTH DIC score showed some improvement in prediction of bleeding and mortality. Therefore, the cutoff AT level < 68% may be useful to be added in DIC score to improve the sensitivity to diagnose DIC in children which is the same recommendation by DIC subcommittee of the Japanese Society on Thrombosis and Hemostasis. 39 However, the interpretation of natural anticoagulants in pediatric patients especially aged less than 6 months should be done cautiously as children at that ages normally have low level of natural anticoagulants due to developmental hemostasis. 40, 41 The limitations of this study were the small number of participating subjects due to budget restriction and the enrollment of subjects who previously received transfusion of blood component in this study that could affect hemostatic parameters. Twelve subjects received transfusion of platelet concentrate which could affect DIC score in the transfused subjects; however, only two of enrolled subjects received transfusion of fresh frozen plasma (FFP) and one of them still have ODIC, so transfusion may not have a major impact on the results of AT and PC in this study.
| CON CLUS ION
Overt disseminated intravascular coagulation (ODIC) was prevalently found critically ill children in this cohort. Adverse outcomes including bleeding, thrombosis, and death were more commonly found in children with ODIC. AT and PC levels on after 24 hours of PICU admission seem to be the useful biomarkers for overt DIC in children in PICU. AT level at < 68% may be added to modify ISTH DIC score in children to improve sensitivity of predicting bleeding events and death. However, the further study in larger population with more specific cause of DIC such as sepsis should be conducted to confirm the benefit of those biomarkers.
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